Background: Long-term results after anterior cruciate ligament (ACL) reconstruction are being reported with greater frequency, allowing a detailed analysis of long-term patient-reported outcomes and predictors.
Injury to the anterior cruciate ligament (ACL) is increasingly common, and ACL reconstruction is a frequently performed knee procedure. Current techniques typically result in a stable knee and successful restoration of function in the short term; however, long-term outcomes are more variable.
While recent systematic reviews have evaluated the long-term risk of ACL graft tear and contralateral ACL injury, 5, 24 as well as the risk of osteoarthritis following ACL injury and surgery, 18 there has been less discussion of long-term patient-reported outcomes following ACL reconstruction. Patient-reported outcomes play an increasingly large role in the assessment of outcomes after treatment and are a recommended component of all clinical trials. 3 Long-term patient-reported outcomes data following ACL reconstruction are crucial to share with patients who *Address correspondence to Robert A. Magnussen, MD, 2050 Kenny Road, Suite 3100, Columbus, OH 43221, USA (email: robert.magnussen@ gmail.com).
undergo ACL reconstruction as they provide outcome information from a patient perspective. The aim of this systematic review was to determine expected patientreported outcomes with prospectively collected data at a minimum 10 years following ACL reconstruction and explore patient and surgical factors that affect these results.
MATERIALS AND METHODS

Literature Review
A search of MEDLINE and Scopus was performed to identify all publications from January 1, 1966 through June 6, 2014 reporting long-term outcomes of ACL reconstruction. Searches including the terms ACL or anterior cruciate, reconstruction, and long-term yielded 514 articles in MED-LINE and 845 articles in Scopus. After elimination of 469 duplicate citations, the titles and abstracts of 890 articles were reviewed. The 860 studies that failed to meet inclusion and exclusion criteria, outlined in Table 1 , were eliminated. Review of the references of the remaining 44 studies yielded 3 other potential studies for inclusion. Full-text review of the 47 studies was undertaken, and 16 studies were removed that were duplicate publications (n ¼ 3), shorter follow-up of patients reported elsewhere with longer follow-up (n ¼ 5), ACL repair or augmentation procedures rather that reconstruction (n ¼ 1), or open procedures (n ¼ 7). Seventeen of the remaining 31 studies were excluded due to retrospective data collection, and 1 was excluded because it did not report patient-reported outcome data. The remaining 13 studies make up the data set for this review.
k The literature search is summarized in Figure 1 .
Data Extraction
Extracted data included study characteristics, patient demographics, associated injuries, surgical technique, graft choice, details of rehabilitation, length of follow-up, patient-reported outcomes data, and factors evaluated by the authors as possibly affecting patient-reported outcomes. Data were extracted by 2 authors independently, and discrepancies were resolved by consensus. 8, 23 Statistics Collected data were tabulated and summarized. Mean scores for patient-reported outcome measures were calculated as a weighted average of the mean scores from each study, weighted by the number of patients in each study. The standard deviation of the resulting overall mean was calculated based on the between-studies error as well as the precision (inverse variance) of the individual study means. When no measure of dispersion was reported, the mean standard deviation of the other studies reporting this outcome measure was utilized for this calculation.
RESULTS
The 13 studies identified in the literature review include 4 randomized controlled trials (3 comparing patellar tendon with hamstring grafts 1, 11, 21 and 1 evaluating the effect of bracing during rehabilitation 17 ), 6 prospective cohort studies, 9, 10, 12, 19, 22, 25 and 3 case series with prospective data collection. 2, 6, 13 Study design was reported as was initially assigned at the time of publication. All 13 studies include only prospectively collected data.
There were 3486 patients included in the 13 studies, with a mean age at the time of ACL reconstruction of 26.9 years. Mean patient age for the individual studies ranged from 23 to 38 years, and 66.8% of patients were male. The time from ACL injury to reconstruction varied greatly among the studies and ranged from all acute injuries to a mean of 5 years between injury and reconstruction. Exclusion criteria among the studies varied as well, but all excluded knees with multiple complete ligament injuries. Table 2 summarizes study demographic information.
All reconstructions were performed via all arthroscopic, arthroscopic-assisted, or mini-arthrotomy techniques. Different femoral tunnel drilling techniques and fixation methods were used in the studies. Table 3 summarizes surgical technique. Details of the rehabilitation protocol were reported in 10 of the 13 studies. The majority allowed immediate full weightbearing, and only 4 studies utilized a postoperative brace, for time periods ranging from 3 to 8 weeks. 61.1% to 90.3%. Mean follow-up in all studies was at least 10 years (range, 10.3-16.9 years in the individual studies). Lysholm scores at final follow-up were reported in 317 of 406 patients (78.1%) in 6 studies. [10] [11] [12] 17, 21, 25 The mean overall Lysholm score was 91.7 ± 11.2. Subjective International Knee Documentation Committee (IKDC) scores at final follow-up were reported in 1726 of 2611 patients (66.1%) in 5 studies. 2, 9, 13, 22, 25 The mean subjective IKDC score was 84.2 ± 15.5. Cincinnati knee scores at final follow-up were reported in 1323 of 1801 patients (73.5%) in 3 studies. 11, 19, 22 The mean overall Cincinnati knee score was 87.4 ± 14.4.
Knee injury and Osteoarthritis Outcome Score (KOOS) was reported in 190 of 226 patients (84.1%) in 2 studies, 1, 17 and is reported in Table 5 . Tegner activity scores were reported in 728 of 914 patients (79.6%) in 8 studies. 1, 6, [10] [11] [12] 17, 19, 25 The mean overall Tegner score was 5.1.
Meniscus and Articular Cartilage Status
The influence of meniscus status at the time of ACL reconstruction on patient-reported outcomes was analyzed in 4 studies. 10, 13, 22, 25 Hart et al 10 noted no significant difference in Lysholm scores between patients with intact menisci (Lysholm, 96) and those who underwent partial meniscectomy (Lysholm, 95). Similarly, Lebel et al 13 noted no significant differences in IKDC subjective scores based on whether partial meniscectomy was performed, although specific numbers were not reported. In contrast, Wu et al 25 noted significantly lower Lysholm (3 ± 10 vs 94 ± 8) and IKDC subjective scores (76 ± 19 vs 80 ± 18) when partial or total meniscectomy was performed compared with patients with intact menisci. In multiple linear regression models, Shelbourne and Gray 22 demonstrated that the performance of partial or total medial (P ¼ .0071) or lateral (P ¼ .022) meniscectomy predicted lower Cincinnati knee scores, while partial or total lateral meniscectomy predicted subjective IKDC scores (P ¼ .030). Although statistically significant, the differences in Cincinnati score associated with partial or total medial (2.7 points) or lateral (3.3 points) meniscectomy did not reach clinical significance, nor did the difference in subjective IKDC score associated with partial or total lateral meniscectomy (4.3 points).
The influence of articular cartilage damage on outcomes was assessed in 3 studies. 9, 13, 22 Hanypsiak et al 9 reported no significant differences in subjective IKDC scores between patients with intact articular cartilage (IKDC, 69.0 ± 11.9) and those with articular cartilage lesions (IKDC, 72.8 ± 12.0). 9 Similarly, Lebel et al 13 noted no significant differences in IKDC subjective scores based on articular cartilage status, although specific numbers were not reported. In multiple linear regression models, Shelbourne and Gray 22 demonstrated that articular cartilage injury was a significant predictor of lower Cincinnati (P ¼ .039) and subjective IKDC scores (P ¼ .002). Although statistically significant, the differences in Cincinnati score (3.1 points) and subjective IKDC score (6.5 points) associated with articular cartilage injury did not reach clinical significance.
Oiestad et al 19 grouped patients with either meniscal or articular cartilage injury into a ''combined injury group.'' Comparison of this group with an isolated ACL injury group demonstrated similar Cincinnati knee scores (combined, 82; isolated, 85; P ¼ .17). 
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Patient Sex
The influence of patient sex on outcomes scores was analyzed in 3 studies. 1,2,13 Barenius et al 1 noted no significant differences in KOOS based on patient sex, while Bourke et al 2 and Lebel et al 13 noted no significant differences in subjective IKDC score based on patient sex.
Graft Choice
Four studies evaluated the impact of autograft choice (hamstring vs patellar tendon) on patient-reported outcomes following ACL reconstruction. 
Other Factors
One study by Lebel et al 13 assessed the impact of body mass index (BMI) on patient-reported outcome scores, and no significant correlation was noted with subjective IKDC scores. Shelbourne and Gray 22 noted that patients who failed to regain full extension or flexion relative to the contralateral side demonstrated poorer Cincinnati and subjective IKDC scores.
DISCUSSION
This review demonstrates that generally good patientreported outcome scores are noted at minimum 10 years following ACL reconstruction. Variable outcomes were noted across studies, likely representing differences in the individual patient populations. The lowest scores were noted in the KOOS sport/recreation function and knee-related quality of life subscales. These values point out the room for further improvement in the management of ACL injuries, and also likely represent good outcomes tools to assess the results of future reconstructions.
The influence of meniscal resection on outcomes scores was mixed. The 2 studies that included total and partial meniscectomy noted an effect, 22, 25 while those that assessed only partial meniscectomy noted no influence of partial meniscectomy on outcome scores. 10, 13 It should be noted that although these authors did not demonstrate differences in outcome scores, they did note increased radiographic evidence of osteoarthritis in the partial meniscectomy group. Similarly, the 1 study that evaluated the effect of BMI on patient-reported outcomes noted no correlation, but they did demonstrate a correlation between increased BMI and increased risk of radiographic evidence of osteoarthritis. 13 Such findings are well known to be associated with partial meniscectomy, even at short time points, 15 and likely precede the development of symptomatic osteoarthritis with lower patient-reported outcome scores.
No correlation between patient sex or graft choice and patient-reported outcomes was noted in this review. Ryan et al, 20 in a 2014 systematic review of ACL reconstruction studies with shorter follow-up, also noted no clinically significant differences in patient-reported outcome score based on sex. Numerous systematic reviews have failed to demonstrate an effect of graft choice on patient-reported outcome scores following ACL reconstruction, 7, 14, 16 which this study confirms at longer follow-up.
There are several limitations in the review. Primarily, there were a large variety of potential predictors of outcomes assessed in the studies along with a variety of outcomes measures to assess the results. This variability precluded the use of meta-analysis techniques that could combine data from multiple studies to more completely evaluate the potential effects of patient and surgical variables on outcome. Even variables with significant evidence in the literature to demonstrate their importance such as meniscus and articular cartilage status were inconsistently reported in the included studies with regard to their influence on outcomes.
Additional variability was created by the practice that was utilized in a number of the included studies of reporting patient-reported outcomes only for patients in whom no ACL graft failure or contralateral knee injury occurred. Reporting data in this manner gives a good assessment of the results in this limited portion of the population, but may result in overestimation of the outcome scores that can be expected for all patients who undergo the procedure. Furthermore, while the overall follow-up of 76.6% is reasonable given the minimum follow-up of 10 years, this follow-up does fall short of the desired 80%. Some individual studies had follow-up as low as 60% to 70%, potentially introducing bias in these studies. 13, 25 Finally, very few papers performed a regression analysis when assessing the impact of various patient and surgical factors on patientreported outcome scores. Therefore, the majority of studies may be at risk for confounding, and it is not completely clear which factors are independent predictors of outcome. It has been calculated that a prospective longitudinal cohort of at least 2000 patients with 80% follow-up would be required to model interactions between meniscus and articular cartilage pathology while controlling for other variables that may influence outcomes following ACL reconstruction. 4 
CONCLUSION
Patient-reported outcomes are generally good at a minimum of 10 years following ACL reconstruction. There is some evidence that meniscectomy and articular cartilage damage are associated with poorer outcomes. Patient sex and graft choice do not affect patient-reported outcomes. Further large prospective cohort studies with good followup, consistent outcome reporting, and regression modeling are needed to clarify predictors of long-term patientreported outcomes of ACL reconstruction.
